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ABSTRACT 
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t- RllO One of the most difficult problems in ASW is the classification 



of submarines c Presently this is done by a subjective consideration 
of the contact* s characteristics. This simulation attempts to re- 
produce this subjective process. The characteristics of doppler , 
aspect, edge alignment, trace length and bearing width are generated 
and then tested. If a sufficiently high degree of characteristic 
consistency and correlation is present the contact is classified as 
possible submarine. 

The study is designed to duplicate fleet sonar contact classifica- 
tion percentages on selected contacts for use in a computerized 



ASW war game. 
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TH^ ptir{3o s'5£?'br “life "‘sifnillatiori'' pres elcited**hl th: 
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3tQ.dy is to classify 



surface ship sonar contacts. The approach employed is similar to the 
methods used by sonar operators aboard ship and thus is intended to 
be employed as a sub-routine in an ASW war game where the uncertainty 
of classification is either desired or required . 

The simulation is designed to duplicate present flee4: percentages 
of correct classification on a few selected submarine and non- submarine 
targets. No attempt has been made to improve present classification 
results for the following reasons: 

1. Data concerning the accuracy of a sonar operator correctly 
detecting contact characteristics, such as doppler, for each trans- 
mission of a series of transmissions is not available. Thus the 
probability curves used to obtain each contact characteristic are sub- 
jective opinions of the author. 

A sensitivity analysis was run on these curves and is described 
in a later section. 

2. The list of characteristics does not include use of the modern 
equipment such as ASPECT that is presently installed on some of our 
surface ships. Only characteristics obtainable on any ASW ship were 
used. 

3. The scope of the study was limited by the amount of time 



contact types and contact characteristics. Thus any attempt to improve 
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existing cla^ssificatiQn, vwuJd ba>thurareied]ry made ai?d probably inaccurate. 

If ff «* f f<( f ((ffff 

f f ffi f Iff < If If I f I ififi f 
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(Stanford ReseArcHTnstitufe'has' an'in-house* study similar'to this thesis 



under-way. Their purpose is to develop a program for fleet use.) 

As far as can be determined, the method employed in this computer 
simulation is unique. It is hoped that eventually some of the ideas of 
this program can be incorporated into a useful and accurate classifica- 
tion system for fleet use, possible in connection with NTDS, 

The computer program itself is written in FORTRAN 63 and is 
unclassified. 

Section II of this paper provides a detailed description of the model 
and Section III contains a discussion of the results. There are 
appendices for the probability curves and comparison matrices used 
and a general logic flow chart of the program. 
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II. MODEL DESCRIPTION 



J D ■> 






A . B a s 1 ci A ft s u-r>o-p ^i-o.n s- 



’’There is no single attribute of a submarine target 
capable of being sensed by a sonar that clearly dis- 
tinguishes it from the wide variety of non-submarine 
targets that also can be sensed by a sonar. Con- 
sequently, it IS absolutely mandatory that as many as 
possible of the target's major attributes be determined 
during the classification process and that the indicated 
attributes be combined in a logical fashion to determine 
the probable nature of the target."^ 

The theme of this quotation and of the many publications dealing 
with sonar contact classification is that classification is^a difficult but 
logical process of information collection and evaluation. The computer 
simulation presented in this study is an attempt to systematize the 
evaluation and collection of contact information by a set of logical rules. 

Five basic assumptions were necessary before the idea for the 
simulation could proceed into the development stage. First, only five 
contact characteristics are used. These are doppler, aspect, edge 
alignment, trace length and bearing width. The original ideas and 
values for these characteristics come from Tables 2»1 and 3-1 of 
NWIP 24- 1(A), ANTISUBMARINE CLASSIFICATION MANUAL, and 
from the decision matrix of the Hand Held Information Processor 



(HHIP). 

The second assumption concerns which contacts out of the multitude 
available to attempt to classify. The following seven were chosen: 
submarines (nutle9%r a>id conventroual) . , wl^al^s , fj.sh , pinnacles , bottom. 



» » < « « » ' 
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ridges or :f ^and^ m paving ^subm decoys, ^^J]he^e contacts 
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represent ‘3‘evcral ^of the gcu'eral'ar’eas^ whicli'procluce contacts and 
seem the simplest to quantify. 

The third assumption deals with the selection of information 
sources available to the detecting ship, "The conventional sources 
of this information are the PPI, Audio and TRR displays presently 
associated with active sonars, Since these three sources are the 

only classification devices available to all ASW surface ships, the 
characteristics of the contacts developed in this study are those ob- 
tained from the Tactical Range Recorder (TRR) and the AN/SQS-23 
sonar. Sonars with different transmitting frequencies could be used, 
if the data for doppler determination were revised to confirm. A 
part of this assumption is that the operators use the equipment in the 
manner designed for best data collection. 

Assumption four is that only one contact will be classified at a 
time. Once a detection has been made, classification of that contact 
must be completed before a new contact can be considered. 

The last assumption basic to the simulation is that the contact 
must be classified at the end of five sonar transmissions (pings). 



"It is important to remember that the classification 
decision may have to be made at an arbitrary point 
in time for tactical reasons, . , .Obviously the tactical 
situation may demand that certain action be taken 
before a particularly critical target range is reached. 
If . sificrution *is .simply an. g.oad a.3* the infor- 

rhatidn accumuiacted untijl t}i*dft ti^nej.*.* . .jTh}e classifier 
cstfitidt antichpatfe'how* early’flie’ crucial‘clues will 
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•; ; .-show- t-he«i selves an .even if* ce^1;ai!;.<?ri^.fi ,wiJl 

ill'IT * ••• • ^ ^ ^ ^ 

z : :apo6iar. :His:rP?ponsibi*lity^ th*£?re£pre»»is jto* 

'classify continuously wi*th whatever* leV*fci c>f 'cer- 
tainty all the accumulated evidence permits. 

Whatever the tactical situation p he will then have 
the best obtainable solution at all times. 

The limit of five transmissions would fall into the wartime 
tactical situation. For the SQS-2 3 sonar it would generally take 
about one minute to obtain and evaluate the evidence from five pings. 
For present day, high speed task forces and nuclear submarines 
even one minute may be too long. 

The output of the simulation, a classification of either SUB or 
NON-SUB, is based on computed contact characteristics. The 
consistency and correlation of these characteristics gives a value to 
a weighting equation, with the magnitude of this value determining the 
final classification. 

B. Classification System Outline 

A description of the logic of the simulation is contained in this 
section. The details of the individual contact characteristics are 
discussed in the next section and a flow chart of the program is con- 
tained in Appendix II. 

After a target has been detected, it is transferred to the classi- 
fication subroutine. This subroutine is in no way involved with the 
detection itself? on?ce*a dEftect-iian hae b^en.^ade the. contact 
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is assumec?rto.boi dstecte'd an the nnr<it Nr? conrecGutive transmissions 



and is set at 5 . 

The main program is then interrogated as to the type of contact 
detected; its course, speed, range and bearing; and the course and 
speed of the detecting ship. With the above information, target angle 
(aspect) and target speed in the line of bearing are computed. The 
characteristics of the target are then generated, each in separate sub- 
routines of the simulation program. Determination that a contact is 
either a surface ship or a surfaced submarine is accomplished by 
testing the contact designation. An immediate exit is made to the 
detecting program prior to any characteristic generation, and the 
contact is identified as either surface ship or surfaced submarine. 

The logic employed in each characteristic subroutine is very much 
the same and will be explained in detail in the next section. The 
following example will briefly illustrate the procedure. Numerical 
values for the example are obtained from appropriate curves in 
Appendix I. 

Suppose the contact is a whale with an aspect angle of 121 degrees 
and a speed in the line of bearing of 2.2 knots. To generate a value 
of trace length, the simulation program generates a normal -distribution 
that has a probability of .91 of indicating that the contact’s trace length 





« • « « 
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would kav»e *a probability .74. of ho.v:iag a.tra.r,« between 30 

* ** ** 

• • • < 

and 70 yards . 



• • • •• •• • ••• 
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At this point in the classification procedure the contact has a 
value for each of the five characteristics. Contacts used in the design 
and testing of the program were derived from maneuvering board 
solutions . 

Correlation and consistency checks of the generated character- 
istics must now be made. 



’’The aspect of the target is regarded as a ’unifying 
concept* in target classification for a very simple 
but important reason. Because the size and shape 
of submaring targets are generally specifiable in 
advance, we can demand that the sonar display the 
target characteristics in certain logical patterns. 

And since the sonar ’senses’ different things about 
submarines at various aspects, the indicated aspect 
becomes the basis for deciding whether a given 
pattern of information logically could have been pro- 
duced by a submarine target. ’’When they’re 

incompatible with the remainder of the cue set, pip 
shape and doppler are given the greatest importance 
in reaching the classification decision.”^ 

Using the idea that doppler and aspect are the two most important 
characteristics, their derived value is compared with the values of 
all other characteristics on each ping. This comparison gives nine 
separate comparison matrices. Each contact is evaluated by the 



matrices and given points depending upon the degree of correlation 
between the two characteristics being checked. These points are added 
and the surp*if avqraged ftjr* jhe^ ^f»piag*s find a*verajge;bw^; mes a 



• • • • • 

• • • • • 



sixth classification characteristic in the final weighting equation. 
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For eKariThple , ci£ th#e ideriv^ad voylue cf doppler is 'up:(iiot;necessarily 

r ( f < < < < ; 

f i c < ^ ^ ' 

the true valueVahd the derived trace length value is less that 30 yards, 
no points are given to this contact by the doppler vs. trace length 
matrix. Up doppler indicates some type of bow aspect but a trace 
length of less than 30 yards would indicate a beam aspect target, thus 
resulting in zero correlation. The points in all nine of these matrices 
are based on the correlation a submarine target would have. Regard- 
less of what the contact really is, the question being asked, and 
eventually answered, by this program is the following: Is the target 
sufficiently like a submarine to be classified as a submarine? 

After the correlation of characteristics for each ping has been 
checked, the consistency of each characteristic over the N pings is 
checked. 

This consistency check is accomplished in the following manner. 
From the second ping through the Nth ping the present value of each 
characteristic is checked against the immediately preceding value of 
that characteristic to see if the values are the same or if they have 
changed by an amount less than or equal to the change a submarine 
could have effected by evasive maneuvering. 

Consider a short example using the characteristic of aspect. 
Suppose on the third ping the contact indicated a computed aspect of 
port bow, and on the fourth ping an aspect of starboard quarter was 



notedly Jrhe ^ifne interval wbe'tween pings" should be no more that ten 



seconds (target range of approximately 8000 yards) and the most 
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aspect, which indicates a turn o£ about one hundred degrees or more, 
is not consistent with a submaring target and would receive no-con- 
sistency points for aspect at ping four. If the aspect had only changed 
to port beam then points would be given because the change is feasible 
for a submarine. 

Additional points are given if the doppler indicates a target speed 
of greater than eight knots, or the edge alignment shows wake, since 
these are excellent submarine indicators. No points are given, re- 
gardless of consistency, if trace length is greater than 130 yards or 
bearing width is greater than 30 degrees, because these indications 
are inconsistent with submarine values. 

These points are summed for each characteristic over N-1 pings 
and give the other five terms used by the weight equation. 

At this point the fina] classification decision must be made. To 
make this decision the following equation. 



is evaluated. If this equation yields a point value greater than a set 
value then the contact is classified a possible submarine. The cutoff 
value and the coefficients and exponents of this equation are discussed 




in Section JIIj ,, 



• • • 



• • • 



• • • 



• • • • 



• • • 



• • • 
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The gr,tir.a .ide.3 f)£,<^o^rr^Je]a/;ionl and iconsisten-cy <of target return 

r f f r r f 

0 * r- r> f f r,r r < 

r r < r r r 

as combiftfe*d ‘tnis weigliting' equation is explained by the following 



quote , 



"Non- submarine targets of many types can produce 
a multitude of submaring-like indications in the 
displays. At one time or another they can produce 
doppler , strong echoes, sharp echoes, echoes 
having submarine shapes and sizes, echoes of 
appropriate length, alignment and structure. But 
they rarely produce a lasting pattern of information 
that describes a submarine at a single aspect (or 
gradually changing aspect). 

The cutoff value of the classification equation is chosen to give 
a correct classification of approximately 75 percent. This percent- 
age is chosen because it is approximately the value obtained by 
sonarmen on actual contacts.^ 

Table 1 gives a breakdown of percentage of correct classification 
for each contact type and percent of occurrence of each contact. 



TABLE 1 



Contact Occurrence and Classification Percentages 



Contact 



% of Occurrence 



% of Correct Classification 



( 10 ) 



SUB 


(5) 


80 


FISH 


I8(-^) 


70 


WHALE 


10 


hQ 


BOTTOM 


9 





RIDGE/REEF 


7 


99 


PINNACLE 


5 


70 


DECOY 


4 


15 


II 1 1 II 

1 (1 II 

1 V 1 1 1 1 

1 U 4 C i li 


t 1 I I 1 1 1 III 111 1 

1 1 1 1 1 1 1 
I I *.11 II 

4 K It C C 


II 1 III till III 

II (I II 

1 III 1 III 1 I 

i> 1 I* U I « 
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SJncJe Jijn<Jnyother cctn^a ct* type’s inakp op ’t^ejejutiro set of all sonar 

• ••••• • • • •• •• • ••• » ,,, ^ ^ 

••••• • •••# f •#» •• •• 

•• • • ••• •••• • • ••• •#• ••• • •••.•••« ••• 

contacts, the percentages above reflect the ratio ot each contact type 



used to the total number represented by these seven contacts. Both 



percentages given for moving submarine decoys are estimates made 



by the author . 



At this point control returns to the parent program with the final 



classification of sub or non«sub. 



C. Contact Characteristics 

The choice of doppler , aspect, edge alignment and trace length 
as four of the five contact classification characteristics is relatively 
simple. Doppler and aspect, as pointed out in the previous section, 
are considered by sonar operators as the two most important character- 
istics a contact can display. The inclusion of edge alignment and trace 
length follows the trend of current mechanical and electrical class- 
ification aides to use the trace information of the TRR . This trace 
has proved valuable, one of the main reasons being that a continuous 
and permanent record of the contact is maintained. Thus the use of 
these four characteristics is justified on the basis that they are 
currently being heavily used for contact classification. 

Bearing width is chosen as the fifth characteristic for less 
significant reasons. First, since it is a quantitative characteristic. 



• • f • 



it can r easily bV S noludeci ir* a computei# s»mulatiorJ. I ‘Another char- 

•••• ••• •••• ••• ••• •• • ••• • • • • 

acteristic such as echo strength or echo quality requires numeric 
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ridges. It was felt that in order to obtain a classification after a 
limited number of transmissions at least five characteristics were 
required. Of all the contact characteristics that NWIP 24- 1(A) lists 
as major classification aides, bearing width gives the greatest 
contribution to final classification and so is included in the simulation. 

Subordinate groups of contacts tend to appear for each character- 
istic. Moving contacts have similar doppler presentations, while 
whales and decoys have the same edge alignment, trace length and 
bearing width characteristics. Table 2 summarizes the contacts 
that form sub-groups for each characteristic. 

Since the value of each characteristic is computed in a separate 
subroutine of the simulation each will be discussed separately. The 
first characteristic -doppler- will be used to explain the derivation 
of the probability curves used to generate the characteristics. Prob- 
ability curves for each characteristic are shown in Appendix I. 



< « c 



( < 



« I « 



4 t < 



4 « 4 ( • < 4 4 4 4 



4 4 



4 4 



4-4 4 



4 4 4 



4 4 4 4-4 4 



4 44 444 4 44* 4 444 
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OcJrttact* Oroupi»rigs* £©r <J!naIracte«u£JfcL«c.s l,,‘ 



Table 2 



Characteristic 


1 


2 


3 


4 


5 


Doppler 


Submarine 

Whale 

Fish 

Decoy 


Bottom 

Ridge 

Pinnacle 








Aspect 


Submarine 

Whale 

Pinnacle 


Decoy 


Fish 


Bottom 

Ridge 




Edge 

Alignment 


Submarine 


Fish 

Bottom 


Whale 

Decoy 


Pinnacle 

Ridge 




jTrace 

•Length 

( i 


Submarine 


Whale 

'Decoy 

! 


Pinnacle 

1 


Ridge 


Fish 

[Bottom 


^Bearing 

;Width 

"i 

i_ _ 


jSubmarine 

! J 


Bottom i 

[Ridge ; 

[Fish ! 


[Whale 

“Decoy 

1 


Pinnacle 


1 

L . _ . \ 



• •• •••• ••• 

> • t • 

• • t • • 

' • • • 

• •• •••• ••§ 
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Doppl^y . jth^ ,£i;equency>./:hange rbetwee^i the- reverbera- 

r. . 'T.'r C r r r 

r f rrr ( t 

tions and the pcJYti6h of th^^^odfid return produced by a taVget. This 
change is caused by the component of motion of the target in the line 
of bearing and/or motion of water across the target, such as current. 

Three basic values of doppler are generated in this simulation. 

Up doppler implies a contact speed in the LOB (line of bearing) of 
greater than 1-1/2 knots (closing), down doppler for contact speeds 
less than -1-1/2 knots (opening) and no doppler for contacts with 
speeds greater than or equal to -1-1/2 knots and less than or equal 
to 1-1/2 knots o 

The amount of doppler present on any ping is dependent upon 

the transmission frequency of the sonar and the component of target 

6 

motion in the LOB, as shown in formula 1. 

Af = , 69f A V 

(1) Where Af = doppler shift in cps 

f = donar frequency in kcps 
Av = target motion in LOB (kts) 



The SQS-23 sonar has a transmission frequency of five kilocycles, 
and consequently gives a poor doppler presentation for low contact 
speeds. The audio return is heterodyned to a frequency of 800 cps. 
While at this frequency the human ear requires a low signal-to-noise 
ratio for detection purposes the ratio Af/f for frequency shift deter- 

I t O «> « «•«•«*.« • • ••41* 1** ••*••• *4*' •/ ** *' ‘* • « V » S 

mination re^quires a fr^qujsncy* differ ence, of 4*. o ;^<^ycl;es J From 



« < « 



« ft • 

I* • «t •> ft 



» ft t> «• ft «• V ft «• ft «• «< It t ft It 1 



formula (1) a speed of 1-1/2 knots gives Af = 5.3 cps, which is 
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just a\)o\’ie deJ:er.table. thr .Th^L^ s,(^ .q£ an interval for 

*»•••• • ••• • •• *. , 

J !!*!! I • • •• *• 

no doppier*was pVofnpleci, *n6l*by* Ihe ^ttsbnce* dt^ppl^r at low speeds, 
but by the inability of the human ear to distinguish doppler. 

It is realized that only operators with acute hearing will detect 
this threshold value, and thus the probability of distinguishing up 
doppler about the point 1-1/2 knots is approximately equal to one-half. 
Even with the AN/SQS-10 sonar the probability of detecting motion of 
a target with a speed of 1-1/2 knots was about three-quarters, 

although at speeds greater than 3 knots correct doppler detection was 

, . 4 

almost certain. 

The curves for the doppler reported by the sonar operator are 
normally distributed with mean, , and standard deviation, <y . 

They represent the probability that the operator will indicate the true 
value of the doppler, either up, down or no. In other words the 
curves give the probability that, if the doppler is up, the operator 
will say it is up. All normal curves are generated using twenty 
uniformly distributed random numbers and the central limit theorem. 
A normal distribution was chosen for the characteristic curves be- 
cause of the symmetry of the curve which allows equal error on 
either side of the mean and the fact that the curves are not truncated 
but allow probabilities under both tails. 

The set of sonar contacts are divided into two sub- sets for 

••• •••• ••• 

• • • > 

doppler g4n.eirat?(Jn.,J 
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Thes^*doh1:S*cf^ have four separate normal curves for their 



doppler presentation that are based on the actual speed in the LOB 
of the contact. {The same curves are used for plus or minus speed.) 
The following curves have been used for the indicated values of 
speed in the LOB(SLOB)o 
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8 kts, is the midpoint of the interval. The standard deviation is 
chosen so that as the absolute value of true speed becomes less than 
the mean the standard deviation becomes larger and thus the curve 
becomes flatter. Also when the absolute value of true speed becomes 
greater than the mean, the standard deviation decreases and the 
curve becomes higher and narrower. For example, if a contact* s 
speed is 3,8 kts, the standard deviation of the curve becomes less 
and the probability of up doppler increases, as would be expected. 
Because of the lack of data the mean and area under the curve were 
chosen by the author, and the standard deviation was then designed 
to meet the above requirements. 

2, Pinnacle, bottom, ridge 

These contacts always have a true speed of zero, but in some 
cases the presence of currents or tides will cause a compression of 
the sound beam and give an indication of doppler. Therefore, it is 
^cessary to allow a small probability, say ,005 in either direction, 
of up or down doppler. The form of the curve is similar to the curve 
for subset one where SLOB = 0, except O' = ,645; M = 0. 

An example of doppler generation will now be discussed. Given 
a submarine decoy with a true speed in the LOB equal to 1 . 7 kts. 

The computer will then generate twenty uniform random numbers and 
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To convert this number to fit doppler curve set 1-b, the following 
transformation is used: 



y - cr X /A. 

and this value is tested for up, no or down doppler. 

The method of characteristic generation outlined above is em- 
ployed for all normal probability curves in the simulation. 



Aspect. Aspect angle of the contact is one of the most important 
inputs to the simulation. It is used in the determination of every 
characteristic in one form or another. However, the true target 
angle, or aspect angle, is in itself an important classification aid. 

It is defined as the relative bearing of the contacting ship from the 
contact. 

Figure 1 shows the limits of each aspect, in degrees relative, 
and its name . 
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1 . Submarine 



whale, pinnacle 



For these three contacts the eight basic aspects shown in Figure 1 
are separated into twenty intervals. This breakdown is shown in 
Table 3. The true aspect angle is , M is the mean of the interval 
and <T its standard deviation. These twenty intervals were developed 
to insure that adequate coverage is given all aspects and to allow the 
standard deviations of each interval to vary with the true value of 
aspect. The form CJ* = k+l/k{oc-M) was devised so that as the 
true aspect angle approaches the border of the interval in which it is 
contained, the curve flattens so that a higher probability of being 
incorrect results. (K = O' when ^ . ) For example, an aspect 

angle of K 249 degrees should have approximately equal prob- 
abilities of being either port quarter or port beam while a value of 
< = 318 degrees should always be port bow. 

2, Decoy 

Due to its small size and lack of wake, this type contact always 
appears to be a beam aspect submarine. Thus for true aspect angles 
from 0^ to 180^ it appears as a starboard beam submarine and from 
180^ to 360^ a port beam submarine appears. For the former interval, 
/A = 90^ and for the later, M = 270^. In both cases cr = 29 + 
which again gives the flattening effect to the curve as approaches 
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While ^decoys 'always gTve 'a 'beam aspect presentation" on the PPI, 



fish never give the appearance of a beam. Their presentation is 
either bow, stern, or quarter. For an aspect angle between 090^ and 
270^, fish aspect changes from starboard quarter to stern to port 
quarter and as the aspect angle goes from 270^ to 090^ the aspect 
presentation varies from port bow to direct bow to starboard bow. 

For the interval 090°< < 270°, /a = 180° and for 270°< 

i 090 °, /A = 0°. In both cases cr = 27°. This constant standard 
deviation causes the appearance of either direct bow or stern aspect 
more frequently than any other aspect and this is in keeping with 
actual operating occurrences. 

4. Bottom, ridge 

The aspect angle for these two contact types is a uniform dis- 
tribution with all aspects equally likely. This distribution results 
because of a lack of any definite aspect trend among these types of 
contacts. The irregular surfaces of these contacts reflect the sound 
beams back in different patterns on successive pings even if the 
contacting ship has moved very little. Thus the appearance of the 
contact on the PPI scope can and does change radically from ping to 
ping. Therefore each aspect type is made equally likely by the 
uniform distribution. 
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edge and right or trailing edge of the Tactical Range Recorder (TRR) 
traces, especially when coupled with aspect and doppler presentations, 
gives a good indication of contact classification. The indication of 
wake in these traces is especially important for separating submarine 
and non- submarine targets. 

Edge alignment presentation is divided into categories of good, 
fair, poor and wake. The category of highlights was considered but 
later rejected because it rarely appears with the long wave length, 
low frequency transmission of the SQS-23 sonar. The description 
of the edge alignment presentation and the relation of each type of 
alignment to submarine/non-submarine targets was taken from the 
HHIP decision matrix and NWIP 24- 1(A). 

For generation of edge alignment the various contacts are divided 
into four groups. Note that this is the first characteristic discussed 
for which submarines have a different group of probability curves 
than any other contact. 

1 . Submarine 

Generally left edge alignment is good for bow and beam aspect 
targets, fair for quarter aspects, and poor or wake for stern aspects. 
The converse holds for right edge alignment. 

There are three basic groups for the alignment generation of each 
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In Table 4, is the true aspect angle, /x is the mean of the 



probability distribution, not the aspect interval, (see curves in 
Appendix I) and O’ is the standard deviation of the probability 
distribution. 



Submarine edge alignment is dependent upon speed as well as 
aspect angle. A submarine sitting dead in the water will not give 
an indication of wake, in fact both edges should have good or fair 
alignment from all aspects. However, a moving submarine generally 
has one edge with good alignment and the other with a poor or wake 
presentation except at beam aspects. This factor does not apply to 
any of the other contact types. 

2. Fish, bottom 



.Both Uffa:hd 



vilxgi')i,rrt^nt;of th^Se; ’ccnta*o,ts is either fair 



or poor and definitely tending toward the latter. A school of fish will 
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sound may ripple off the bottom or present multiple echoes from 



small peaks or have many other varied and unpredictable returns. 

3. Whale 9 decoy 

Whales and moving decoys have similar edge alignments. Unlike 
fish and bottom their alignment is very much like a beam aspect 
submarine, usually well aligned with a smooth geometrical curve 
for both edges. Thus in the case of whales and decoys the same curve 
is used to generate alignment for both edges. 

4. Pinnacle, rid ge 

The nature and shape of these contacts gives different returns 
for the separate edges. The leading edge tends to be sharper, better 
defined, and better aligned; while the trailing edge tends to trail off 
and have poorer alignment. Because of this separate curves are 
required for each edge. 



Trace length. Trace length is the length in yards of the echo 
trace. It reflects the approximate extent of the target in the direction 
of the sound beam. This information is useful since the physical 
dimensions of submarine targets are known within relatively narrow 
limits. Thus the extent of the echo trace that can be considered 
acceptable from a presumed submarine target at a particular aspect 



can be specified. 



1 <JI •}' y >, ' > 

}> )' -i 

■ >1 h , 

<r i 

0 -*? 




33 



IDENTIC 



"All €cho€G' pred'j'Oe trz.C'eig of‘som'3 definable Icnsth. 'For the 

ft t ^ t «f f fit I if <“ i f 

t I t t • i tit t ft ft i t t i f f i i ( 

it it X. f • . • i f K, t f i I f t f 

submarine' target Vhis lengtfi commonly varies ^rom approximately 

17 

20 to 120 yards depending upon the aspect of the target." This 
simulation makes use of this idea by dividing the characteristic of 
trace length into four intervals: 



a. 


L ^ 30 




b. 


30 < L < 


70 


c . 


70 < L < 


130 


d. 


130 < L 





L = trace length in yards 

These intervals are the same as used by the HHIP classification 
device . 

Again, as in the previous section, submarines have a set of 
probability curves different from all other contacts. The curves for 
submarines are also dependent upon contact speed. A moving sub- 
marine can give a wake presentation which will appear on the TRR 
and increase the trace length of the contact. 

The contacts are subdivided into groups as follows. 

1 . Submarine 

Trace length varies with aspect and speed. For a stationary 
target this length can change from 20 yards for a beam aspect to 
over 100 yards for a bow or stern aspect. When the submarine is 
moving, the length will approach the 130 yard limit, especially for 
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The trace length for both of these targets is very similar to a 
beam aspect submarine, usually less than 30 yards. From a direct 
bow or stern aspect, especially for whales, this length can extend 
into the interval between 30 and 70 yards; but the length should never 
exceed the 70 yard upper limit. 

3v Pinnacle 

The pinnacle presents a difficult contact to be classified in most 
respects and trace length is no exception. Generally characterized 
by a medium trace length similar to a bow or quarter aspect sub- 
marine, it none the less can also have a trace presentation similar 
to a beam aspect or direct bow/ stern aspect submarine. 

4. Ridge 

The traxe length of ridges and reefs is long, usually greater than 
30 yards, and variable from transmission to transmission. Normally 
ridges fall into the interval between 30 and 70 yards but returns 
between 70 and 130 yards or even greater are not uncommon. 

5. Fish, bottom 

Following the trend of each sub-group in this category toward 
longer trace lengths, the most common length for these two contact 
types is in the interval between 70 and 130 yards. 

This is easily understandable for bottom but why for fish? Since 
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for each ti*^"n&lfi!LS*^ibn ahd thus ‘are 'displayed as long traces on the 
TRR. 

Means, standard deviations and probability curves for trace 
length are shown in Appendix I. 

Bearing Width. Bearing width is the angle subtended by the 
right and left edges of the PPI presentation of the contact. 

This characteristic can be useful primarily because of the 
contacts it eliminates. The bearing width is divided into three 
intervals: 

a. 0° 1 © < 20° 

b. 20°4 © < 30° 

c. 30°<e> 

^ - bearing width in degrees and 0^ < ^ £ 360^ 

The largest bearing width a submarine normally presents is in 
the interval between 20 and 30 degrees. This occurs at or near a 
beam aspect due to the larger portion of target length that is perpen- 
dicular to the sound beam. As the aspect changes toward either bow 
or quarter the bearing width decreases and moves into the interval 
less than 20 degrees. Contacts whose bearing width is greater than 
30 degrees generally consist of bottom or ridges, and thus a wide 
bearing width is helpful in eliminating these types from consideration 
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Three probability curves are used to generate submarine bearing 



width. They are described in Table 5. The true aspect angle of the 



contact is is the mean of the probability distribution and cr 



its standard deviation. The actual curves are in Appendix I. 



Table 5 



Submarine Bearing Width Intervals 
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2. Bottom, ridge, fish 

Again fish may seem out of place^but schools of them tend-to 
spt^eadover large areas and can give an extremely wide pip on the 
PPIo Multiple pips also result from all three contacts in this subset, 
and this fact tends to widen the bearing width if these individual pips 
are close together. 



3. Whale, decoy 

The bearing vudth of 'the s"e contact'.? is Very similar br appearance 
to bow or quarter aspect submarines. They are characterized by a 
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4. Pinnacle 

Bearing width for pinnacles is much like a beam aspect sub- 
marine but can easily extend over 30 degrees or be less than 20 
degrees. This distribution is different from others in the entire 
contact set because of the large standard deviation of the probability 
curve , CJ “1.91. 
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A, Classification Equation 

The weighting equation used for contact classification is: 

WT =1.0 (Doppler) + .5 (Aspect) + .5 (Edge) + .5 (Trace) 

+ .1 (Bearing) +1.2 (Correlation) 

The coefficients of this equation reflect the relative significance of 
each characteristic. As is the case in actual practice the correlation 
of characteristics is considered most important, closely followed by 
consistency of doppler. Aspect, edge alignment and trace length 
come next in importance and bearing width is the least useful of all 
the characteristics. 

Any contact, except whales, that receives a value greater than 
or equal to 26.6 points from the weight equation is classified as 
possible submarine. Whales require a total greater than or equal 
to 28.4 points for classification as possible sub. From a sample of 
2656 contacts, a 73 per cent overall correct classification was 
obtained when the above cutoffs were used. 

Unfortunately whales cannot be classified by the same cutoff 
point as the other six contact types. The main reason for this is 
that the standard deviation of the submarine contacts is larger than 
that of the whale for every contact characteristic while the average 

value of each characteristic is approximately equal. No form of 
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difference betv/ee-n>,sub.rDar,in,e ^ird. whale totals to give .the correct 

r 

classificatiofi |3er'ten1:a'ge £6r’ these'two ’contacts and also allow proper 
classification of the remaining contacts. Thus two cutoffs are re- 
quired. 

It is felt that a second reason for having to use two cutoff points 
is the small number of transmissions, five, used to determine 
classification. This prevents the buildup of a larger point differential 
in the correlation check where the submarine has a marked advantage 
over the other contacts. But the use of a large number of pings 
would defeat the purpose of a wartime cruising situation, which is 
a basic assumption of the model. 



B. Sensitivity Analysis 

A sensitivity analysis was conducted on the two areas of this 
study that were formulated from the author *s experience rather than 
from actual data. These are the correlation matrices and the 
characteristic generating curves. 

A new set of correlation matrices were devised in which only 
strict correlation was awarded points. Borderline cases such as up 
doppler vs. beam aspect were given no correlation although a slight 
possibility of correlation does exist in some instances. This lowered 
the mean value of the correlation characteristic of the submarine 
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other contacts by an equal or greater amount. Thus the relative 
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e£f>BCt bn Jcla3 6iliti:atiorJ vfA6* n*o *<iif*f«c»r£nt, ebid^f^thalce* still had to be 
classified separately. 

The effect of the accuracy of the characteristic generating curves 
on contact classification was checked by the following method. The 
same weight equation and cutoff values given in the previous section 
were used. Then the area between +10“ of each normally distributed 
curve was decreased by .05. This increased the variance of each 
characteristic by adding probability to the tails of the curves and thus 
increased the probability of operator error. Each contact was then 
rerun through the model, and the ratio of the change in the average 
weight value to the original weight value was computed and compared 
against this ratio for submarines. Although to obtain the same per- 
centage of correct classification (7 3%) with these new curves, the 
cutoff points had to be lowered with the relative values about the 
cutoff points remaining almost constant. 

Therefore, although the values of the contacts varied with these 
changes in the input data, they remained in approximately the same 
relative position before and after the change. 



C. Recommendations 

This program in its present form can be used in an ASW war 

••• •••• ••• • ••• ••• ••• • • *••• ••• • # •• 

game to *pr ovicie the same -degc^ee ©f uncertainty ck coftt<'^ct«classifica- 
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tion that actually exists in the fleet today. 
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gated and ^rrt6fet us'efdl to' the hCirtiaii d^eraifor defined in a 

quantitative manner, then it would be possible to undertake a data 
collection effort to determine operator response to those useful 
characteristics on an individual transmission basis. With this list 
of characteristics and data an analytical model, similar to this 
simulation, could be developed to assist in training sonar operators 
by setting forth a list of classification rules to follow. Perhaps 
this analytical model could even be of assistance to shipboard personnel 
in this now tricky and complex field of sonar contact classification. 
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